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Oaseriptlon 

The present invention relates to recombinant DMA sequences, vectors containing theni, and a method for 
the use thereof. In particular, the present Invention relates to recombinant DMA sequences which encode the 
5 complete amino add sequence of a glutamine synthetase (GS) (L-glutamate : ammonia llgase [ADP-forming]; 
EC 6.3.1.2) and to the use of such nucleotide sequences. 

The abOity of cloned genes to function when Introduced into host cell cultures has proved to be invaluable 
in studies of gene expression. It has also provided a means of obtaining large quantities of proteins which are 
otherwise scarce or which are completely novel products of gene manipulation, it is advantageous to obtain 
10 such proteins firom mammalian cells since such proteins are generaBy correctly folded, appropriately modified 
and completely functional, often In marked contrast to those proteins as expressed in bacterial cells. 

Where large amounts of product are required, It Is necessary to identify cell clones in which the vector sequ- 
ences are retained during cell proliferation. Such stable vector maintenance can be achieved either by use of 
a viral replloon or as a consequence of Integration of the vector Into the host cell's Dl^ 
18 Where the vector has been Integrated into the host cell's DMA, the copy number of the vector DMA, and 
concomitantly the amount of product which could be expressed, can be increased by selecting for ceHl lines In 
which the vector sequences have been amplified after Integration into the host cell's DNA. 

A known method for canrying out such a selection procedure is to transfonn a host cell with a vector conh 
prising a DNA sequence which encodes an enzyme which is Inhibited by a known drug. The vector may also 
20 comprise a DNA sequence which encodes a desired protein. Alternatively the host cell may be co-transformed 
with a second vector which comprises the DNA sequence which encodes the desired protein. 

The transformed or co-transfonmed host cells are then cultured In Increasing concentrations of the known 
drug thereby selecting drug-reslstent cells. It has been found that one common mechanism leading to the 
appearance of mutent cells which can survive In the increased concentrations of the othenm'se toxic drag is 
25 the overproductton of the enzynoe which is inhibited by the drug. This most commonly results from increased 
levels of tts particular mRNA, which iri turn is frequently caused by amplHicatton of vector DNA and hence gene 
copies. 

It has also been fbund that where drug resistence Is caused by an Increase In copy number of the vector 
DNA encoding the inhibltable enzyme, there is a concomltent increase in the copy number of the vector DNA 
30 encoding the desired protein in the host celPs DNA. There is thus an increased level of production of the desired 
protein. 

The most commonly used system for such co-amplification uses as the enzyme which can be Inhibited 
dihydrafolate reductese (DHFR). This can be inhibited by the drug methotrexate (MTX). To achieve co-ampll- 
fication, a host cell which lacks an active gene which encodes DHFR is eittier transformed with a vector which 

$s comprises DNA sequences encoding DHFR and a desired protein or co-transfonmed with a vector comprising 
a DNA sequence encoding DHFR and a vector comprising a DNA sequence encoding the desired protein. The 
transformed or co-transformed host cells are cultored In media conteinhg bicreasing levels of MTX, and those 
cell lines which survive are selected. 

Other systems for producing co-amplificatkm have been emptoyed. However, none of them has been as 

40 widely used as the DHFR/MTX system. 

The co-ampliflcatfon systems %vhich are at present available suffor finom a number of disadvanteges. For 
Instence, it is generally necessary to use a host cell which lacks an active gene encoding the enzyme which 
can be inhibited. This tends to limit the number of cell lines which can be used with any particular co-amplifi- 
cation system. For instance, there Is at present only one cell line known which lacks the gene encoding DHFR. 

45 It would be advantegeous If an effective co-ampllffeatkin system based on a dominant selectable marker which 
was applicable to a wide variety of cell lines could be provkied. This wouki altow ttcploltetion of the dHforent 
processing and growth characteristics of a variety of cell lines. 

Attompte to use DHFR genes as dominant selecteble markers in other cell lines has not proved entirely 
satisfactory. For Instance, a MTX-resistent mutent DHFR or a DHFR gene under the control of a very strong 

so promoter can act as a dominant selecteble marker in certein cell types but such high concentrations of MTX 
are required that it has not l>een possible to achieve very high copy numbera by selection for gene amplifteation. 

Co-transformante with an additlonal selectable maiker also have disadvanteges. For instence, this can 
increase the complexity of plasmid constmction and requires additional time-consuming screening of transfor- 
med cells to distinguish those clones In which the DHFR gene is active. 

55 A further disadvantege of the known oo-ampllfication systems is that the DNA sequence encoding the 
Inhibiteble enzyme Is generally not under post-ttanslational control. The enzyme in the amplified system Is 
therefore produced in large quantities, together with the desired protein. This could lead to lower levete of pro- 
duction of the desired protein. 
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Another drsadvantage of knovim co-ampIlficaBon systems Is that resistance to the known drug can arise 
from mechanisms other than amplification. For Instance, In the DHFR/MTX system. It Is possible for a mutant 
DHFR gene to arise which produces a mutant DHFR which has a lower binding affinity for MTX than does wild- 
fype DHFR. If such mutant DHFR arises, cells containing the gene which encodes it wfll be nrwe resistant to 
5 MTX than the original host cell and wffl therefore be selected, even though no ampimcation has taken place. 
It Is possible to select further to ellmlnala Ibies In which no ampltficatten has taken place, but this is a time con- 
suming process. 

Afurlher disadvantage of previous seiecaon systemsfor gene amplification is thattoxfc drugs are required. 
In particular MTX Is a potential carcinogen. 
10 An additional disadvantage of previous amplincatlon systems Is the need for repeated, time-consunlng 
rounds of amplification, for example three or more, to obtain maximum copy number. 

It is an object of the present Invention to overcome at least In part the disadvantages of the prior art systenra 
fbrco-ampllficatton. 

Acooiding to a flist aspect of the present Invention there Is provided a method for co-ampiiiying a reconrv 
is bbiant DMA sequence whteh encodes the complete amino add sequence of a desired protein other than a 
ghitamlne synthetase (GS), which method comprises : 

(a) providing a vector capable, In a transfomiant host ceil, of expressing both a recombinant DMA sequence 
20 which encodes an active GS enzyme and the recombinant DMA sequence which encodes the complete 

amino add sequence of the desired protein other than GS ; 

(b) providing a eukaryottc host cell whteh is a glutamine prototroph ; 

(c) transforming saki host cell with said vector ; and 

(<0 cuituring sakJ host cell under conditions whteh altew transformants containing an amplified number of 
25 copies of the vector-derived GS-encoding recombinant DMA sequence to be selected, which transfor- 

mants also contain an amplified number of copies of the desired protein-encodteg DNA sequence. 

According to a second aspect of the present Invention, there Is provided a method for co-amplifying a 
30 recombinant DNA sequence which encodes the complete amino add sequence of a desired protein other than 
a GS, which method comprises : 

(a) providing a firet vector capable, in a transffwrnant host oeB, of expressing a recombinant DNA sequence 
35 which encodes an active GS enzyme ; 

(b) providing asecond vector capable, In atransformant hostcell, of expressing the recombinant DNA sequ- 
ence which encodes the complete amino acid sequence of the desired protein other than GS ; 

(c) pravMIng a eukaryotic host cell whteh Is a glutamine pretotroph ; 

(d) transforming saki host ceil with both said f&st and said second vectors ; and 

40 (e) cuituring said host ceil under conditions which allow transformants containing an amplified number of 
copies of the vector-derived GS-encoding recombinant DNA sequence to be selected, which transfor- 
mants also contain an amplified number of copies of the desired protein-encoding DNA sequence. 

45 According to a third aspect of the present invention, Uiere is provided a method for using a vector as a domi- 
mint selectable marker in a cotransfoimatton process whteh comprises : 

(a) providing a vector capable, in a transfommnt host cell, of expressing a recombinant DNA sequence 
so whteh encodes an active GS enzyme and a recombinant DNA sequence which encodes ttie complete 

amino add sequence of a desired protein otiier tfian GS ; 

(b) providing a eukaryotic host cell which is a glutemine prototroph ; 

(c) transfonning the host cell wiUi ttie vector ; and 

(cQ selecting transftmnant cells which are resistant to GS inhibitors. 

55 

whereby transfonnant cells are sdected in whteh the vector-derived GS-enoodIng sequence serves as 
a dominant seledabie and co-amplifiable martcer. 
According to a fourth aspect of the present invention, tiiere Is provkJed a mettiod for using a vector as a 
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dominant selectable marker in a cotransfomiation process which comprises : 



(a) providing a vector capable, in a translbmiant host celi, of expressing a recombinant DNA sequence 
5 which encodes an active GS enzyme; 

(b) providing a second vector capable, In a transfbmiant host cell, of expressing a recombinant DNA sequ- 
ence which encodes the complete amino acid sequence of a desired protein other than GS ; 

(c) providing a eukaryotic host which is a glutamine prototroph ; 

(d) transfonning said host ceil with both saM first and second vectore ; and 
10 (e) selecting transfbrmant cells which are resistant to GS inhibitors, 

whereby transfomnant cells are selected in which the vector-derived GS-encoding sequence serves as 
a dominant selectable co-ampliflable maifcer. 
According toafifth aspect of the present invention, there is provided a recombinant DNA vectoroomprising: 

15 

(a) a recombinant DNA sequence which encodes the complete amino add sequence of a GS ; and 
0>) a recombinant DNA sequence which encodes the complete aniino add sequence of a desired protein 
other than said GS, 

20 

the vector being capable, in a transformant host cell, of expressing both said recombinant DNA sequ- 
ences (a) and <b}. 

Typically, In each aspect of the invention, the GS-enooding recombinant DNA sequence encodes an 
eukaiyotic, preferably mammalian, GS. Conveniently, the GS-encodIng recombinant DNA sequence encodes 
25 a rodent, such as mouse, rat or espedally hamster, GS. 

Preferably, the GS-encoding recombinant DNA has the sequence of the amino add coding portion of the 
sequence shown in Rgure 2, and most preferably comprises the whole recombinant DNA sequence shown in 
RgureSL 

Glutamine synthetase (GS) is a universal housekeeping enzyme responsible for the synthesis of glutamine 
90 from glutamate and amnionta using the hydrolysis of ATP to ADP and phosphate to drive the reaction. It is invol- 
ved in the integration of nitrogen metabolism with energy metabolism via the TCA cyde, glutamine being the 
major respiratory fuel for a wide variety, possible the majority, of cell types. 

GS fbund at a low level (0.01%<O.1% of sduble protein) in most higher vertebrate ceils and Is found at 
higher levels ( > 1% of total protein) in certain specialised oeH types sudi as hepakicytes, adipocytes and glial 
35 cells. 

A variety of regulatory signals affect GS levels within cells, for instance glucocorticoid steroids and cAMP, 
and glutamine in a culture medium appeare to regulate GS levels post-translationally via ADP ribosylation. 

GS from ail sources is subject to inhlbftion by a variety of inhibitore, for example methionine suiphoximine 
(Msx). This compound appears to act as a transition state analogue of the catalytic process. Extensively 
40 amplified GS genes have been obtained (Wilson R.H., Heredity, 49, 181, 1982 ; and Young A.P. and RIngold 
G.M., J. Bid. Chem., 258, 11260- 11266, 1983) in variants of certain mammalian cdi lines selected for Msx 
resistance. Recently Sandere and Wilson (Sanders P.G. and Wilson R.H., The EMBO Journal, 3, 1, 65-71, 
1984) have described the doning of an 8.2 kb Bglll fragment containing DNA coding for GS from the genome 
of an Msx resistant Chinese hamster ovaiy (CHO) cell line KGIMS. However, this fragment does not appear 
45 Id contain a complete GS gene and it was not sequenced. 

Conveniently, the GS-encoding recombinant DNA sequence is cDNA, preferably derived by reverae tran- 
scription. However, the GS-encoding recombinant DNA eequenoe may altBmativeiy or additkmally comprise 
a fifagment of genomic DNA. 

Preferably, the vector is an expression vector capable, in a transformant host ceil, of expressing both the 
50 GS-encoding lecombinant DNA sequence and the desirsd protein-encoding recombinant DNA sequence. 

PrelBrBbly, the GS-encoding recombinant DNA sequence Is under the oontrd of a regulatable promoter, 
such as a heat shock or a metallothionein promoter. 

The present invention also provides a host cell transfbnmd with a vector according to the fourth aspect of 
the inventton. 

55 There are a number of advantages to the methods of the present Inventton In ca«mplification of non-seleo- 
ted genes. 

An advantage is that the GS gene Is regulatable, for Instance by addition of glutamine to the mediunru It is 
therefore possible to amplify the GS gene and the non-selected gene, and then down-regulato the GS gene. 
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The host ceil will then accumulate much smaller quantities of active GS v^He stQI producing desirably large 
quantities of the required product This also has the advantage of Increasing the stability of the cell line, since 
tiiere will be less selection pressure which could otherwise lead to instabaity in maintenance of amplifled sequ- 
ences In the cell line if ttie inhibitor \s removed. 

5 . It has been surprisingly and unexpectedly shown tiiat GS expression vectors can also be used as effective 
selectable maikers in cell lines which contain an active endogenous GS gene by conferring resistance to certain 
levels of Msx at which the firequendes of resistance caused by endogeneous gene amplification is minimal. It 
has been shown that such vectors can be amplified by increasing the concentration of Msx In the cell lines so 
tiiat high copy numbers are achieved. These copy numbers are higher tiian achieved using previous amplrR- 

10 cation systems such as DHFR/MTX. and are achieved In only two rounds of amplification. The possibility of 
attaining very high copy numbers is advantageous in ensuring ttiat high levels of mRNA encoding the desired 
protein are obtained. 

it is believed, alUiough tiie Applicants do not wish to be i&nited by tills theory, tiiat the effectiveness of GS 
as an ampiifiabie selectable maifcer is a consequence of tiie relative expressbn levels of endogeneous- and 

16 vector-derived GS genes. Selection for gene amplification using Msx leads almost exclusively to the isolation 
of dones in which tiie vector-derived GS gene has been amplified in preference to the endogeneous gene. 
When using host ceils containing an endogeneous active GS gene, it is possible tofacDitate selection by reduc- 
ing or abolishing endogeneous GS activity, for instance by treatment of the cell line witii dibutyryl-cAMP and 
tiieophyiiine. A cell line whbh is susceptible to such reduction or abolition is the 3T3-L1 cell line. 

20 The desired protein whose recombinant Dl^ sequence is co-amplified may be, for instance, tissue plas- 
minogen activator (ti^A), aittiough this technique can be used to co-amplify recombinant DNA sequences which 
encode any ottier protein, such as bnmunoglobulin polypeptides (Igs), human growtfi homtone (hGH) or tissue 
inhibitor of metalioproteinases (TIMP). 

Preferably, the amplification is achieved by selection for resistance to progressively increased levels of a 

25 GS inhibitor, most preferably phosphinotiiridn or Msx. 

A fiirtiier advantage of the present co-amplification procedure is tiiat Msx is a cheaply available produd 
of high sdubility. It can therefore readily be used at high concentrations to enable selection of lines containing 
highly amplified sequences. 

Moreover, the effed of Msx can be potentiated by the addition to tiie selection medium of metiilonine. It is 

30 ther^bre preferred that In the present co-amplification procedure, selection b carried out In a medium contain- 
ing methionine at higher than usual levels. SMariy, the effod of Msx can be potentiated by bwer levels than 
usual of glutamate. 

If the GS-encoding recombinant DNA sequence In tiie vector used for co-emplification is under tiie contrd 
of a regulatable promoter, it is preferaUefor expression of the GS sequence to be switched on during selection 
35 and amplification and subsequentfy down-regulated. 

In some cases, after co-amplification, tiie seieded cell line may be dependent to some extent on the GS 
inhibitor used in the seledion procedure, if tills is the case, tiie amount of GS Inhibitor required may be reduced 
by adding giutamlne to ttie culture medium whereby GS activity Is post-translationally suppressed. 

The host cells which are used in tiie metiiods of the present invention contain an adive GS gene. For ttie 
40 reasons set out above, it has been found that seledion can still be achieved even where an adh/e endogeneous 
gene Is present The advantages of using tiie vector of ttie present Invention In co-amptification procedures 
are also shown in the use of the vedore as selectable marfcere. 

It is preferred tfiat ttie host ceils used for ttie oo^ampiificaUon procedures or seledion procedures of ttie 
present invention are mammalian, most preferably tamstar, ceils. Chinese hamster ovary (CHO)-KI cells or 
45 derivatives ttiereof are particularly suitable. 

It is ttierefore believed ttiat ttie use of recombinant DNA sequences encoding GS, for instance in vedore 
for oo-ampilfication or selection, will lead to highly fiexibie and advantageous systems which will be surprisingly 
superior to ottier similar systems, for Instance based on DHFR/MTX. 

The present invention is now deserted, by way of example only, witti reference to ttie accompanying draw- 
so Ings, in which : 

Figure 1 shows restriction maps of ttie GS specific dDUA inserts in pGSC45, Xgs 1.1 and Xgs 5.21 dones, 
in which it can be seen from ttie anows ttiat ttie nudeotide sequence of ttie coding region of GS was pre- 
domlnanfly obtained from M13 subdones of Xgs 1.1 and various regions confinned using subclones of Xgs 
5.21 and pGSC45 ; 

55 Figure 2 shows ttie cDNA (a :) and predicted amino add (b :) sequences for ttie Chinese hamster GS gene, 
togettier with ttie published peptide sequences (c :) and peptide designations (d :) of bovine brain GS. The 
sequence (e :) indicates ttie pdyadenyiaUon site used in Xgs 1.1. Amino acid residues are indicated as 
ttieb* single letter codes ; non-homdogous bovine residues are indicated in lower case letters. The 'A' below 
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base 7 represents the etart of the p6SC45 insert and the ' — ' nfiarker represents the priming sequence In 
Xgs 1.1 complementary to residues 1 135-1 132. The and '< ' symbols represent bases Involved in stems 
of the calculated structure for the 5' untranslated region ; 

Figure 3 shows the strudure of three GS expression plasmids In which a) shows plasmid pSVLGS.I (8.5 

9 kb) containing a 4.75 kb GS mlnigene under the control of the late region promoter <a SV40 (L) cloned in 
the bacterial vector pCT54. The GS sequences Include the complete coding sequence, a single intron and 
approximately 2 kb of 3'-f)anklng DNA spanning both of the presumed sites of pdyadenylation, (b) shows 
plasntfd PSV2.GS (5.5 kb) confalning 1 .2 kb of GS cDNA under the control of the early region promoter of 
SV40 (E), the intron from the t-antlgen gene of SV40 and a sequence containing the early region polyadeny- 

10 lation signal of SV40» and (c) shows plasmid pZIPGS (12.25 kb) containing the Hindlll-BamHI fragment 
from pSV2.GS (containing the GS coding sequence and SV40 Intron and polyadenylatlon slgnaQ doned 
In the retroviral vector pZIP Neo SWQC) in which hatched blocks Indicate ^relevant mouse DNA sequences, 
5' and 3' LTRs are the long tenninal repeats of Moloney Murine Leukaemia Virus (MMLV), the filled block 
represents an SV40 firagnDent spanning the origin of replication orbnted such that the SV40 eariy region 

15 promoter directs the expression of the gene from a transposon which oonfere resistance to G418 in mam- 
malian cells (neo) and unmarked blocks contain addittonal DNA sequences from MMLV ; 
Figure 4 shows Southem blots of cell lines transfected with pSVLGS.1 (Panel A) or pSV2.GS (Panel B). 
The blot is probed wKh an RNA probe specific for SV40 origln-regbn DNA. Panel A represents a 2 hour 
exposure. Each lane contains 2.5 ^g genomic DNA from the fdlowing cell lines. Lanes 1 to 3 contain DNA 

20 from initial transfectants : lane 1 , SVLGS2 ; lane 2, SVLGS5 ; lane 3, SVLGS9. Lanes 4 to 6 contain DNA 
from cell lines obtained after a single round of selection for gene amplifk:atlon with Msx : lane 4 SVLG^ 
(500 liMR) ; lane 5, SVLGS5 (250 ^MR) ; lane 6, SVLGS9 (500 ^MR). Lane 7 contains DNA from a cell 
line subjected to 2 rounds of selectkm fbr gene amplification. SVLGS5 (2mMR). Panel B is an exposure 
of approximately two weeks. Each of lanes 1 to 6 contain 5 |ig of genomic DNA and lane 7 contains 2.5 

25 |ig« Lanes 1 to 3 contain DNA from initial transfsctant cell lines : lane 1, SV2.GS20 ; lane 2, SV2.GS25 ; 
lane 3, SV2.GS30. Lanes 4 to 6 represent cell lines after one round of selection In higher concentrations 
of Msx : lane 4, SV2.GS20 (1 00 fiMR) ; lanes SV2.GS25 (500 ^MR) ; lane 8, SV2.GS30 (500 iiMFQ. Lane 
7 represents a ceil line obtained after two rounds of selection In Msx, SV2.G830 (1 0n)MR). 
Figure 5 shows a prbmr extension analysis of RNA derived fipom cell lines transfected with pSVLGS.1. A 

30 DNA oligonucleotide which binds to RNA at the presumed translation "start* was used to syntheslse DNA 
from total RNA preparettons. RNA preparettons shown are : lane 1, SVLGS2 ; lane 2, SVLGS5 ; lane 3 a 
derivative of CH0-K1 resistant to 30 pM Msx (to indicate the extension from wild4ype GS mRNA) ; MW, 
pAT153 digested with Hpall molecular weight markers. 

In the nudeotkie and amino acki sequences shown in the accompariying drawings and in the descriptton, 
35 the following abbreviatbns are used as appropriate. U » uridine ; G « guanosine ; T - thymidine ; A » adeno- 
sine ; C = cytosine ; *** » a tenninatk>n codon ; — denotes an unknown nucleotide residue ; A « alanine ; C = 
cysteine ; D » aspartic acid ; E = glutamic add ; F ^ phenylalanine ; G = glycine ; H » histidlne ; I » Isoleucine; 
K» lysine ; L » leucine ; M = methtonine ; N = asparaglne ; P = proline ; G » glutamlne ; Rs aiglnine ; S = 
serine ; T » threonine ; V » valine ; W « tryptophan ; Y » tyrosine ; X » an unknown amino add ; PBS » phoe- 
40 phate buffisred saline ; SDS » sodium dode^ aulphata ; and EDTA - etfiylene diamine tetmnetic add. 

Example 

Using a muifi-step selectton procedure In a glutamlne-firee medium, a mutant line was derived from the chin- 
45 ese hamster ovary (CHO) KG1 cell line (itself a derivative from the CK0-K1 line obtained as CCL 61 from the 
American Type Culture Cdlectton, Rockvlle, MD, USA). The mutant ceD line, labelled CH0-KG1 MS, is resistant 
to 5mM Msx. (The parental cell line KG1 is ody resistant to 3 pM Mac). 

Asubcbne, KG1MSC4-M, of the mutant cell line was used as asource of cellular DNA. Cells from the sub- 
done were washed In PBS after trypslnizatlon and pelleted at 2000 r.p.m. for 4 min. The pellet was resuspended 
so in 100 mM Tris-HCL, pH 7.5. 10 mM EDTA and lysed by the additton of SDS to 2%. RNase A was added to 
50 |ig/ml and the sdutton incubated at 3T*C for 30 min. Protease K was added to 50 pg/rd and Ihcubafion con- 
tinued at 37"^) for fttm 30 min to 1 hr.The edutton was phend extracted twice fdlowed by two cMorofonm: 
isoamyl dcohol (24 : 1) extractions. The DNA was precipitated ^h isopropand and then resuspended In 2 
mM EDTA. 20 mM TrIs-HCI, pH 7.5 and stored at4<'C. 
55 Genomic DNAs from parental KG1 , mutants KG1 MS and KG1 MSC4-M, and revertant KG1 MSC4-0 cells 
were digested with a varied of restriction endonudeases, subjeded to agarose gd electrophoresis and South- 
em blotted onto nitrocdiulose filters. These blots were probed with digo (dT)-primed cDNA made from parental 
KG1 and mutant KG1 MSC-4M pdy(A) mRNAs. When wild-type KG1 d>NA was used as a probe, a aeriee of 
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Wentlcal bands was seen across tracks from all cell lines. When KG1MSC4-M mutant cDNA was used as a 
prot>e, the same comnfK>n bands were seen across all tracks together with unique bands spedftc to mutant 
K01MS and KG1MSC4-M genomic DMA. The bands common to all genomic DNAs were shown to be due to 
mitochondrial (mt) DNA, as detemfilned by restriction enzynw analysis of mtDNA purified from KG1 cells. The 

5 smallest DNA fragment Identified which oouM contain the whole of the presumptive coding sequence for GS 
is an 8.2-kb Bgill fragment On double digesttons with PstI and Bglll, the two PstI fragments (2.1 kb and 2.4 
kb) are seen to remain intact, indicating that both PstI fragments are contained within the BGIII firagmenL 

30 (ig of K01MSC4-M DNA was digested to completton with Bglll and the fiagments separated by 
electrophoresis on an 0.8% agarose gel. The ampllfted 8.2 kb band was identified using ethidium bromide stain- 

10 ing and long wave ultra vfolet radiation by comparison with XHindlll and mtPstI digests. The DNA band was 
eiuted into a well cut Into the gel and purified by phenol extractton, chloroform exb^ctlon and ethano! precipi- 
tation usbig caiTier tRNA. Purified DNA was iigated with BamHI-dlgested, bacterial alkaline phosphatase-trea- 
ted pUC9 (Vlelra, J. and Messing, J., Gene, 19, 259-268, 198^. Recombinant DNA was used to transfonn E. 
Coll to amplcQlin resistance and white colonies on Xgal picked for analysis. 

150 recombinant dones were obtained and DNA analysis of 11 of these showed that they all had DNA 
inserts of about 8.0 kb. Differential colony hybridization and DNA spot hybridizations Wentified two recombinant 
clones which gave strong hybridizatkm with a mutant KG1MSC4-M cDNA probe but no signal with a parental 
KG1 cDNA probe. Both recombinants pGSI and pGS2 produced the PstI restriction pattern expected from 
Insertion of the requb-ed Bglll restriction fragment pGSI DNA was used to hybrid select GS mRNA from total 

20 cytoplasmic and poly(A) KQ1MSC4-M RIMA. The selected mRNA was translated together with KG1 and 
KG1MSG4-M total cytoplasmic RNAand ps] methtonlne-labelled poiypeptWes separated by SDS-PAGE. The 
major translation product of pGSI selected mRNA Is a polypeptide of 42 kD iWW which co-migrates with an 
amplified polypeptide in KG1MSC4-M translations. pGSI therefore contains genomic CHO DNA which contains 
at least part of the GS gene. This part of the vroric was carried out as described by Sandere and Wnson Qoc 

25 dt). 

A 3.5 kb Hindlll fragment containing the 3' end of the GS gene from KG1MSC4-M was subdoned fixHn 
pGSI Into pUC9 to fbmi plasmki pGS113. A done bank was prepared by doning a Sau3A partial digest of 
KG1IVISC4-M Into the BamHI site of X147. Recombinants were selected for hybridisation to pGSI. A BamHI- 
EcoRI fragment from a selected XL47 recombinant was subdoned into pUC9 to fom plasmid p6S2335 (Hay- 
so ward et al., Nua Add Res., 14, 999-1008, 1986). 

cDNA libraries were made from KG1 MSC4-M mRNA In pBR322 and Xgtl 0 using standard procedures. The 
nxBHA was converted to cDNA using dIgo-dT primed reverse transcriptase, and dsDNA made by the RNase 
H procedure (Gubler, U. and Hoffrnann. V., Gene, 25, 283-269, 1983). The dsDNA was efthertefled with C tBSh 
dues (Micheison, A.fWI. and Oridn, S.H., J. Bid. Chem., 257, 14773-14782. 1982), annealed to G4aned pBR322 
35 and transformed Into E cdl DH1 , or methylated and Iigated to EcoRI linkers. Linkered DNA was digested with 
EcoRI and the Ibikere removed by Sephadoc G75 chromatography In TNES (0.14 M NaO, 0.01 M Trie, pH 7.6. 
0.001 1^ EDTA, 0.1% SDS). tinkered DNA in the exduded volume was recovered by ethand precipitation and 
annealed to EcoRI-cut gtIO DNA. Fdlowing in vitro packaging, recombinant phage was plated on the high fre- 
quency lysogeny strain E.coli Hfl (Huyhn, T.V., Young RA and Davis, R.W., in "DNA doning technkjues II : 
40 A practical approach (Ed. Glover, D.M.), I.R.L Press Oxford, 1985). About 5000 colonies and 20000 plaques 
were screened on nitrocdiuiose fOtore using nfck-lranslated probes derived from pUC subdones of GS genomic 
sequences. A 1 kb EcoRI-Bglll fragment from pGS2335 was used as a 5' probe, and the entire 3.5 kb Hindlll 
fragmentof pGS1 13 wasused as a 3' probe. Plasmids from positive colonies were analysed by restrictton dlges- 
tion of small-ecale preparations of Dl^ and the longest done (pGSC45) selected for further analysis. 
45 Positive X dones were plaque purified, grown up in 5000 ml of E.cdl C600 liquid cultore, and the phage 
purified on Csa step gradlente. DNA was prepared by fmiamide extractton (Davis, R.W., Bostein, D. and Roth, 
S.R., Advanced Bacterial Genetics, Cdd Spring Hart)or, 1980). Qones with the longest inserts were Wentified 
by EcoRI digestion and inserts subdoned into pAT153 and M13mp11 phage for further analysis and sequenc- 
ing. 

60 The cdonles or plaques were screened first with a probe derived from the 5' end of the GS gene. Posithre 
cdonies or plaques from this analysis were picked and rescreened vrtth a longer probe covering most of the 
3' end of the gene. In this way it was anticipated that dones with long or possibly full length inserts would be 
sdected and the tedious resaeening for 5' ends would be avoWed. Several plasmid dones and XgtIO recom- 
blnante were derived by this means. Further analysis of one of the plasmkJ dones (pGSC45) by restricOon 

55 enzyme digestfon and partial sequendng revealed that It had an insert of about 2.8 kb and a pdyA sequence 
at the 3' end. Northern blots indteate that a major mRNA fr)r GS Is about this size (Sandere and WBson, (toa 
cit)), so the insert In pGSC45 was potentially a full length copy of this mRNA. The two dones (Xgs 1.1 and Xgs 
5^1) had inserte of 1450 bp and 1170 bp respectively. Restrictfon maps and alignment of the cDNA inserts In 
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pGSC45, Xgs 1.1 and Xgs 5.21 are shown In Figure 1 . It Is clear that the Inserts In the X dones are considerably 
shorter at the 3' end than the plasmid done and may represent cDNA copies of one of the minor mRNAs. The 
insert In Xg8*1.1 extends sonne 200 base pairs at the 5' end. 

The nudeotide sequence of the mRNA coding for glutamlne synthetase was obtained from M13 subdones 

5 of pOSC45 and EcoRI subdones of Xgs 1 .1 and Xgs 5.21 and is shown In Figure 2. Some confimiatory sequ- 
ence was also obtained from the genomic done pGSI. Primer extension of GS mRNA with an ollgonudeotide 
complementary to nudeotldes 147-166 gave a major extension product of 166 nudeotldes. This shows that ^ 
pGSC45 only lades sbc or seven nudeotldes ftom the 5* end of the mRNA. Nudeotide sequencing of the primer 
extended product by Maxam-GObert sequencing conflrmed this dthough the first two bases could not be dete^ 

10 mined. * 
Sequences at the 5' end of Xgs 1.1, which is some 200 bases longer at the 5' end than pGSC45, showed 
considerable inverted homdogy to sequences at the 3' end of this done (which was about 150 bases shorter 
at the 3' end than Xgs 5.21, (see Fig. 1). These additional sequences are probably doning artefacts, arising 
during second strand synthesis due to nudeotldes 6 to 1 priming DNA synthesis via their complementarity to 

IS nucelotides 1 132-1 137 despite the fact that the RNase 1-1 procedure was used, it cannot be exduded that the 
duplication arises from transcription of a modified GS gene, produdng a modified mRNA which has been sut>- 
sequentlydoned, although the prirner extension results did not suggest that there was any ntaJormRNAspe 

with a 5' end longer than 166 nudeotldes. 

The predicted amino add sequence for CHO glutamlne synthetase Is shown In Rgure Z The NHa terminus 

20 was identified by homology with the NH2 terminal peptide found In bovine brain glutamlne synthetase (Johnson, 
RJ. and Plslcl^cz, D., Biochem. Blophys. Acta, 827. 439-446, 1985). The initiating AUG fbUows a predse 
CCAGC upstream consensus sequence found for true initiation codons and istdlowed by a purine (l.e. CCAG- 
CATGG). (Another AUG codon at position 14 la not In a favourable context by the same criteria and b followed 
tjy a termination codon In frame 21 nudeotldes downstream.) The predicted amino add composition of the GS 

25 protein gives a mdecuiar weight of 41 ,964 (not allowing for N-tenninal acetylation or other post-translational 
modifications), in agreement with other estimates. The basic nature of the protein Is reflected In ttie excess of 
arginine, histidlne and lysine residues over those of aspartate and glutamate. 

The predicted amino add sequence shows excellent homology with bovine and other GS derived peptide 
sequences obtained by peptide sequencing. Indicative of an accurate DNA sequence. (The amino acid sequ- 

so ence allows tiie ordering of all tiie cyanogen bromide peptides and most of ttie tryptic peptides published for 
bovine GS). 

The CHO sequence also shows some homology with tiie GS sequence from the cyanobacterium 
Anabaena, notably at residues 317-^25, (NRSASiRIP), which are an exact match to Anabaena residues 342- 
350. In addition, related sequences can be found in glutamlne syntiietases isdated from plants. 

35 Access to complete cDNA dones and genomic dones for Chinese hamster OS has not only allowed tiie 
amino add sequence of glutamlne syntfietase to be predlclad, but also allows a detaSed analysis of the position 
of tiie intions within tiie gene and their relationship to the exons coding fertile structural domains of tiie protein. 

AGS minlgene was constructed from a cDNA sequence (spanning tiie majority of ttie protein coding region) 
and a genomic sequence (which recreates the 3' end off ttie coding sequence). The 3.4 kb EcoRi-Ssti fragment 

40 of pGSI encodes a single intron, all of the 3' untranslated region of botti niRNAspedes identified and contains 
about 2 Icb of 3' flanking DNA. This DNA fragment was doned between ttie EooRI and BamHI sites of pCT54 
(Emtage et ai., PNAS-USA, 80, 3671-3675, 1983) to creats pCTGS. The 0.8 kb EcoRI fragment of Xgs 1 .1 was 
tiien Inserted at ttie EcoRI site of pCTGS in the correct orientation to recreate ttie 5' end of ttie gene. The late 
promoter of SV40 was doned upstream by Inserting the 342 bp Pvull— HIndlll fragment of SV40, containing 

45 ttie origin of replication, at ttie HIndlll site of ttie above piasmM in ttie appropriate orientation to produce plasmkJ 
pSVLGS-1 which is shown In Figure 3(a). 

An altemafive GS expression constmct was made by placing cDN A containing all of the GS coding sequ- 
ences between sequences from SV40 whteh direct efficient expresston in mammalian ceils. The 1.2 kb Nael- 
Pvull firagment of Xhgs 1.1 was doned in place of dhfr sequences in pSV2.dhfr, (Subramani, S., Mulligan, R. 

so and Berg, P., Mol. Cell. Bid., 1 , 854-864, 1981) between ttie HIndlll and Bglll sites to fonm pSV2.GS whteh is 
shown in Figure 3(b). 

In order to place GS coding sequences under ttie control of tiie Mdoney murine leukaemia virus (MMLV) ^ 
LTR promoter, ttie Hindii— BamHI firagment from pSV2.GS (see Hgure 3b) was introduced at ttie BamHI site 
of pZiP-NeopSVPQ (Cepko, C.L, Roberts, B.E. and Mulligan, R.C., Ceil, 37, 1053-1062, 1984). 
55 The 3.0 kb Hlndili — BamHI fragmsnt of ptPA 3.16 (Stephens. P.E.. Bendig, M.M. and Hentschei, C.C„ 
manuscript in preparation) contains a cDNA coding for tissue plasminogen activator, downstream of which is 
ttie SV40 small t-intron and ttie pdyadenylation signal finom ttie eariy rsglon transcript of SV40. This fragment 
was doned In a 3-way l^ation witti ttie 342 bp SV40 Pvull — Hindlll fragment into ttie BamHI site of pSVLGS.1 
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so that the tPA gene was under the control of the 8V40 eariy pronfioter. This generated two plasmids, 
pSVLGStPA16, In which the OS and tPA transcription units are in tandenn, and pSVL6StPA17t in which the 
two genes are in opposite orientations. 

CH0-K1 ceDs. obtained from ATCC, were grown In Glasgow modified Eagle's medium (GMEM) without 

5 glutamine and supplemented with 10% dialysed foetal calfsemm (6IBCO), 1 mM sodium pyruvate, non-essen- 
tial amino acids (alanine, aspartate, glycine and serine at 100 |iM, asparaglne. glutamate and proline at 500 
pM) and nucleosides (adenosine, guanoslne, cytidlne and uridine at 30 |iM and thymidine at 1 0 ^M). For selec- 
tion, L-methionlne sulphoximine (Msx from Sigma) was added at appropriate concentrations. Approximatety 3 
X 10^ cells per 100 mm petri dish were transfected with 10 ^g circular plasmid DNA acoonfing to the calcium 

10 phosphate co-prectpitation procedure (Graham, RL and van der Eb, AJ.. VMogy, 52. 456-467, 1983). Cells 
were subjected to a glycerol shock (15% glycerol In serum-tree culture medium fbr 2 minutes) 4 hours after 
transfection (Frost, E and Williams, J., Virology, 91, 39-50, 1978). One day later, transfected cells were fsd 
with fresh selective medium and colonies of sun^ving ceils were visible within 2-3 weelcs. 

tPA activity in cell culture supematants was measured using a fibrin-agarose plate assay using a tPA sten- 
ts dard (Blopod) for comparfeoa Attached cefis were typically washed in serurrhfinee medium and Incubated fior 
1 8-20 hours in serum-free medium at 37<'C. After removal of medium samples for assay, ttie ceils were tryp- 
sinised and viable ceDs counted. Results were then expressed as units of tPA/10«ceIls/24 hours. Colonies of 
cells In petri dishes were assayed fbr tPA production by overiaying directly with a fibrin agarose gel. 

In the giutamine-free medium used in these experiments, the specific GS inhibitor, Msx, is toxic to CH0-K1 

20 cells at concentrations above 3 |iM. To test whettier tfie GS expression plasmids oouM syntiieslse functional 
GS in vivo, each plasmid was introduced Into CHO-K1 cells by calcium phosphate — mediated transfection 
and tested for the ability to confer restetanoe to higher concentrations of Msx. 

Resistance to Msx can, however, dso arise by amplificaQon of the endogenous GS genes (or perhaps by 
other unknown mechanisms). Therefore, in order for a GS expression vector to be useful as a dominant seiect- 

25 able mariner, it must confer resistance to a particular concentration of Msx wltti a greater frequency tiian tiie 
frequency of spontaneously resistant mutants. The frequency witti which spontaneously resistant dones are 
detected depends on tiie concentration of Msx used tor selection. Thus, fbr instance gene amplification in OHO- 
K1 cells leads to approximately 1 survh^ing oolony/10« cells plated in 10 ^M Msx, but this firequency declines 
to less ttian 1/10^ if cells are selected for resistence to 25 ^M Msx. 

30 Since the frequency of transfection of CKO ceils using the calcium phosphate co-precipitate technique Is 
generally reported to be less tiian 1/1 0^, a range of Msx concentrations was chosen for selection in excess of 
10 ^M. The resuKs in Table 1 show ttiat transfection wltii any of ttie three GS expression plasmids leads to 
survival of a greater number of Msx-reslstent colonies tiian tite background firequency detected in mock- 
transfected ceils when selected at 15 ^M or 20 Msx. 

35 pZIPGS yiekis only a slight increase In tfie number of surviving arionles above background. This vector 
would tiierefore be a poor selectable maricer and was not studied further. pSV2.GS and pSVLGS.1, however, 
botii appearto act as effective dominant selectable maricere In tills ceil line. Thefirequenqr with which resistant 
colonies arise after transfection witii eittier plasmid in these experimente is at least 25 times tiie firequency due 
to endogenous amplrfication If selection is carried out at 15-20 \sM Msx. Apparent transfection frequencies for 

40 PSV2.GS of up to 3.8/10* ceDs andfbr pSVLGS.1 of up to 2.S/10B cells were observed. The differences in appa- 
rent transfection fluencies between the tivee piasmkis are likely to reflect difterenoes In tiie emdencjf wltti 
which the GS gene is expressed in tiie above three vectore. 

An independent estfrnate of transfection effteiency can be obtained in the case of pZiPGS since ttie vector 
also contains a neo gene which confsre resistance to ttie antibtotic G418. Selection with G418 instead of Msx 

45 yielded a transfection frequency substantially higher tttan obtained by selection In 14-20 iiM Msx (see Table 
1), hdteating ttiat ttie vector Is being talren up by tiie cells and reintordng ttie view ttiat ttie GS gene is relatively 
pooriy exprsssed in this vector. 
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In order to confirm that the generation of Msx-resistant colonies is due to expression of transfected 6S 
genes, rather than to sonie non-spedfic effect of the input DNA, there are three predictions which can be tested. 
Firstly, the Msx-reslstant cells should contain vector DMA. Secondly, novel GS mRKIAs should be produced in 
these call lines, since the heterologous promoters used wiU direct the fomiation of GS mRNAs which differ in 
5 length at the 5" end firom the natural GS mRNA. Thirdly; active transfected GS genes should be amplifiable by 
selection In increased concentration of Msx. These predictions were therefore tested as follows. 

Three ceD lines were established from individual colonies arising after transfection with pSVGS.1 and three 
cell lines from colonies transfected with pSV2.GS. Cell lines SVLGS 2 and SVLGS 5 are resistant to 20 \M 
MsK and SVLGS 9 to 30 )iM Max. Cell lines SV2.6S20. SV2.GS25, and SV2.G830 are resistant to 20, 25 and 
10 30 \M Msx respectively. 

DNA was prepared tinom each of these ceil lines and a Southern blot of the DNA samples was hybridised 
with an RNA probe specffic for SV40-ORI region Dl^. The result, shown in Figure 4, Indicates that all of the 
Msx-reslslant cell lines contain vector DNA. The number of copies of the vector present In each cell can be 
estimated by comparison with known amounts of a standard preparation of vector DNA, loaded on the same 
15 gel. From this, it is dear that ail of the SVLGS cell lines contain multiple copies of the vector up to about 500 
copies per cell (see Table 2). Ail of the SVZGS ceO lines also contain vector Dl^ but in all three cases there 
seems to have been integration of only a single copy of vector DNA per celL 

it Is to be noted that the result obtolned with pSVLGS.1 Is highly unexpected. Up untB the present there 
has been no reported case In which such a high copy number has been produced merely by transfectlon. It is 
20 believed that this high copy number is due to the presence in the vector of a DNA sequence which favours the 
incorporation of high numbers of copies of vector DNA into the host cell's DNA. 

Such high copy numbers of integrated vectora have not been observed with pSV2.GS. it is therefore 
believed that DNA sequences partly responsible tor the high copy number transfection are found either In the 
intron w in the 3' region of the genomic GS DNA part of the pSVLGS.1 vector or adjoining vector sequences. 
25 However, the copy number probably also reflects the expression level required to attein resistence to the par- 
ticular level of Msx used for selection. 

Clearly, this high copy number transfection sequence wQl be of use not only with GS encoding sequences 
but also with other protein sequences, such as those encoding selecteble markers or amplifiable genes 
because it provides a means of increasing copy number and hence expression levels of desired genes 
30 additional to the effecte of selection for further gene amplification. 

Therefore according to a further aspect of the Invention there is provided the recombinant DNA sequence 
present in the pSVLGS.1 vector which is responsible for achieving high copy number transfection of vector DNA 
into a host cdl or any other recombinant DNA sequence whteh will provkle the same fUnctton. 

The 5' ends of GS mfU4A produced by Msx-resistentcell lines were analysed by primer extensbn analysis. 
3$ A synthetk: oligomer 19 bases in length was synthesised which hybridises to a region of the mRlsIA near the 
start of the protein coding regbn. Reverse franscrlptese should extend this primer to a length of 146 bp from 
wild type GS mRNA and to a length of approximately 400 bp to the stert of transcription In the case of pSVLGS.1 
mRNA. The RNA predicted from pSV2.GS is shorter than the natoral mRNA and so could be masked by 'drop- 
offe* in the primer extension reaction and was not analysed. 
40 The resutts shown In Figure 5 show that a GS spedfic mRNA tonger than wlldd^pe mF^ is indeed pro- 
duced in SVLGS cell lines, strongly supporting the conclusion that the transfected gene is transcribed In these 
cells. The reverse transcriptese does not extend the primer to the predicted length, but seems to drop off at at 
least 3 major sites, probably due to inhibition of reverse transcription by secondary structure in the 5' untrans* 
lated region of this RNA. 

45 Three Msx-reslstent oeO Hnes transfected with pSVLGS.1 and three ceil lines transfected with pSV2.GS 
were grown In various concentrations of Msx In order to select for GS gene an^lification. For each cell line, 
approximately 10^ cells were plated in 100 pM, 250 ^M. 500 pM and 1 mM Msx. After 12 days, the max&num 
concentratbns of Msx at whbh survh^ing colonies could be observed in each cell line were as follows : SVLGS2, 
500 pM : SVLGS5, 250 pM ; SVL0S9, 500 pM ; SV2.GS20, 100 pM ; SV2.GS25, 500 pM ; and SV2.GS30, 

50 500 pM. The most highly rssistent colonies obtelned from each cell line were pooled and two of these Msx- 
reslstent pools were subjected to a second round of amplifbatlon. SVLGS2 (500 pMR) and SV2.GS30 (500 
pMR) were plated out at 1 mM, 5mM, 10 mM and 20 mM Msx. After 15-20 days, colonies appeared on plates 
containing SVLGS2 (500 pMR) at up to 2 mM Msx and In the case of SV2.GS (500 pMR) at up to 10 mM Msx. 
From these, two highly resistant cell Hnes SVGS2 (2 mMR) and SV2.GS30 (10 mMR) were established. Each 

65 Of these highly resistant cell lines contain ceils whtoh have arisen firom multipie ^dependent amplification 
events. 

A Southern blot of Dl^ prepared from all of the Msx-resistant cell lines was hybrised with a probe specific 
tor SV40 ORI-region DNA. The resulte of this are shown in Rgure 3. From a comparison with standard prepa- 
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rations of plasmid DMA, the copy numbers could be determined and these are shown in Table 2. 

After the first round of selection,.all three SVL6S cell lines show approximately a 1 0-fold Increase in copy 
number of the vector DNA. 

Copy Number of Transfected Genes Subjected to 
Selection for aene amolif iG^fei9Ti 



Cell Line Cone, of Copy Number 

SVIiGS2 20 170 

SVLGS5 20 25 

^ SVLGS9 30 500 



25 



SVLGS2(500 /xMR) 500 
SVIiGS5(250 /iMK) 250 
SVLGS9(500 ^MR) 500 



1200 
300 
4200 



30 



35 



SVL6S2(2 BiHR} 

SV2.6S20 
SV2.6S25 
SV2.GS30 



2000 

20 
25 
30 



15000 

1 
1 
1 



SV2 .0820 (100 mMR) 100 1 

SV2.GS25(500 fMR) 500 l 

SV2.GS30(500 fiMR) 500 l 

SV2.GS30(10 »MR) 10,000 5-10 



45 In the second round of selediont SVLGS28how8atlea8t a further 10 Ibid amplification attaining approxim- 
ately 15,000 coples/cell. 

In marked contrast, the single copy of pSV2.GS present In initial transfectants is not significantly increased 
after a single round of selection and SV2.GS30 (10 mMR) resistant to 10 mM Msx contains only 5-10 copies 
of the vector in each ceH. 

so In order to determine whether there has also been amplification of the endogenous GS genes, the probe 
was removed and the blot re-probed with a nld^ translated Bgll-Bglll DNA firagment obtained from the third 
Intron of the GS genomic sequences. This probe is therefore specific for endogeneous GS genes and does 
not hybridise with the transfected genes which tack this intron. No significant endogenous gene amplification 
could be detected by this means In SVLGS oefl lines. A smaH degree of endogenous amplificatfon could be 

85 seen In SV2.GS30 (10 mMR) cell DNA. 

Thus pSV2.6S, whBe acting as an effective dominant selectable marker in CH0-K1 cells, appears to exp- 
ress GS too efficiently to be suitable as an amplifiable marker, since very high levels of Msx are required In 
order to selectfor even slightly increased copy number. pSVLGS.1 on the other hand can be used as a dominant 
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selectable marker and can also be amplified to very high copy numbers. 

The sultabflily of pSVLGS.1 as a selectable and ampliflable vector was tested by introducing into it a tran- 
scription unit capable of expressing tissue plasminogen activator (tPA). Two plasmlds were examined In which 
tPA cDNA under the control of the SV40 earty region promoter and polyadenylation signal was cloned at the 

5 unique BamHI site of pSVLGS.I . In pSVLGS.tPA1 6, the 6S and tPA genes are in the same orientation and in 
pSVLGS.tPA17, the two genes are in opposite orientations. 

Both constructions were Intioduoed into CHOK1 cells and transfected cells were selected for resistance 
to 15 pM Msx. After 10 days, the surviving colonies were screened fbrtPA acth^lty by fibrin overlays. Many of 
the surviving colonies eecreted tPA, thus confirming that the G8 gene could act as a selectable marker to iden- 

io tify transfected clones. The tPA-induced clearings in the fibrin gel were larger and more numerous on plates 
iransfected with pSVGS.tPA 1 6, indicating that the tPA gene was more efficiently expressed when In the same 
orientation in the vector as the GS gene than when the hvo genes were in opposite orientations. 10 cdonies 
from a transfection with pSVLGS.tPA16. which produced large tPA clearings, were grown in g&wll plates. Of 
these, the two ceil lines secretbig the highest levels of tPA, 16-1.20 (iMR and 16-2.20 ^MR were selected for 

15 further study. Each was subjected to selection in increased concentratidns of Msx and the fPA production from 
pools of colonies obtained at different stages is shown In Table 3. 



20 



2$ 



cell line fcPA secreted fU/10^ cells/24 hom) 

16-1.20 tMR 260 
16-1.200 tMR 2700 



16-2.20 mMR 400 
^ 16-2.200 /iMR 2750 

16-2.10 mMR 4000 

16-2.10 mMR, the cell line producing the highest levels of tPA, was doned by limiting dilution and a done 

$5 was isolated which secreted 4000 U/IO^ cells/day. This level is comparable with the highest level of tPA exp- 
ression reported using DHFR co-ampllficatlon. 

It has thus been shown that, when a 6S cDNA doned in the retrovirus based vector p2:iP-Neo SV(X} was 
used, the firequency with which Msx-reslstant colonies arose was low, probably due to relath/ely inefRdent exp- 
ression from this vector in this ceil line. On the other hand, two different constructs in which the GS gene was 

40 under the control of SV40 promoters gave rise to cells resistant to substantially higher levels of Msx than wQd- 
type cells. All 6t the resistant colonies tested contained vector DMA. and novel GS mRNAs consistent with tran- 
scription of the transfected genes could be detected in cell lines containing pSVLGS.1 DMA. Msx-resistant 
colonies oould be identined using both GS expression plasmlds using SV40 promoters at a firequency greater 
than 1/10^ ceils, indicating that both constmcts could be usefUl as dominant selectable martora fbr the Intro- 

45 duction of doned DMA into CH0-K1 cells. 

The expression plasmid pSVLGS.1 containing a GS minlgene utilising its own RNA processing signals and 
under the control of an SV40 lata promoter, can unexpectedly be used to introduce a high number of copies 
of the vector Into each transfected ceil. 

Both GS genes under the control of SV40 promoters were capable of further amplification when transfected 

60 ceil lines were selected in higher concentrations of Msx. CeU lines expressing pSV2.GS yielded variant dones 
resistant to very high levds of Msx (up to 65 times higher than or^naiiy used to select transfectants) with an 
increase in copy mimbertooniy 5-10 per cell. There was little detectable concomitant amplification of endogen- 
ous genes. 

pSVLGS.1 Is a much mc^ suitable ampliflable vector since the increase in copy number was roughly pro- 
ad portional to the concentration of Msx and very high copy numbers were achieved (approximately 1 0,000 copies 
per ceil in ceDs resistant to 2 mM Msx). In this case, no detectable endogenous gene amplification occurred. 

ThepSVLGS.1 amplifiabie vector has been used to introduce a tPA gene into CHO-K1 cdls and it has been 
shown that gene amplification leads to higher levels of ti^A expression. Variant dones resistant to ten times 
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the concentration of Max of the original transfectants secrete about ten times the amount of tPA, but a further 
50 fold Increase In Msx-resistance led to less than a 2 fold Increase In tPA secretion. This suggests that some 
aspect of the synthesis or secretion of tPA Is dose to satunation In these highly Msx-ieslstant cells. The 
maxbnum level of tPA secretion of 4000 WW cells/day in the 16-2.10 mMR ceil line Is comparable with the 

5 levels of expression previousiy observed In dhfr CHO cells using DHFR-mediated gene ampliftoation, the high- 
est reported level of secretion being 6000 U/10« cells/day. This also supports the condusbn that tPA secretion 
is close to the maximum attainable by cunrent methods in these cells. 

it win be appreciatBd that the present invention is described above purely by way of illustration and that 
modfficatlons and variations thereof may be made by the peraon sidlled in the art without departing from the 

10 spirit and scope thereof as defined in the appended dalms. 



Claims 



15 1 . A method for co-ampli^ing a recombinant DNA sequence which encodes the complete amino acid sequ- 
ence of a desired protein other than a glutambie synthetase (08), which method comprises : 



(a) providing a vector capable, in a transfonmant host cell, of expressing both a recombinant DNA sequence 
20 which encodes an active 68 enzyme and the recombinant DNA sequence which encodes the complete 

amino add sequence of the desired protein other than GS ; 

(b) providing a eul^aryotlc host ceil which Is a giutamlne prototroph ; 

(c) transforming said host cell with said vector ; and 

(d) culturing said host cell under conditions which allow transformants containing an amplified number of 
25 copies of the vector-derived GS-encodIng recombinant DlsIA sequence to be selected, which transfbr- 

manis also contain an amplified number of copies of the desbred protein-encoding DNA sequence. 

2. A method for co-amplifying a recombinant DNA sequence which encodes the complete amino add sequ- 
30 ence of a desired protein other than a GS, which method comprises : 



(a) providing a firet vector capable, in a transfbnnant host cell, of expressing a recombinant DNA sequence 
which encodes an active GS enzyme ; 
35 (b) providing a second vector capable, In a transfonmant hostcell, of expressing the recombinant DNA sequ- 
ence which encodes the complete arrino add sequence of the desired protein other than GS ; 

(c) providing a eukaryotic host ceil which is a giutamlne prototroph ; 

(d) transfonmlng said host cell with both said first and said second vectors ; and 

(e) cultoring said host cell under conditions which allow transfonnants containing an amplified number of 
40 copies of the vector-derived GS-encocfing recombinant DNA sequence to be selected, which transfor- 
mants also contain an amplified number of copies of the desired protein-encoding DNA sequence. 



3. The method of daim 1 or dalm 2, wherein the culturing stop [(d) or (e},re8pectlvdy] comprises culturing 
45 the transformed host cell In media containing a G8 Inhibitor and sdecting for transfomnant cells which are resis- 
tant to progressively increased levels of the GS inhibitor. 

4. The method of claim 3, wherein the GS inhibitor is phosphlnothridn or methionine sulphoxlmlne. 

5. The method of daim 3 or dalm 4, wherein the media containing the GS inhibitor also contain methionine, 
whereby the concentrations of GS Inhibitor In the media can be reduced. < 

so 6. The method of any one of claims 1 to 5, wherein the GS-encoding recombinant DNA sequence is under 
the contrd of a regulateble promoter. 

7. The method of dahn 6, wherein the regulataUe promoter is a heat shodc promoter or a metsdiothionein « 
promoter. 

8. The method of daim 6 or daim 7, wherein the regulateble promoter Is up-regulated durnng the culfuring 
55 and selecting steps and Is down-regulated after selection. 

9. The method of any one of dalms 1 to 8, wherein the desired protein is tissue plasminogen activator. 

1 0. The method of any one of claims 1 to 9, wherein the host ceil is a manvnalian oeD. 

11. The method of daim 10, wherein the host cell Is a CHO-K1 ceD. 
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1 2. A method for usbig a vector as a dominant selectable marker In a cotransfomiation prooess which com- 
prises : 



5 (a) providing a vector capatrfe, in a transftmnant host cell, of expressing a recombinant DNA sequence 
which encodes an active GS enzyme and a recombinant DNA sequence which encodes the complete 
amino acid sequence of a desired protein other than GS ; 

(b) providing a eukaryotic host cell which is a glutamine prototroph ; 

(c) transfbnning the host cell with the vector ; and 

10 (d) selecting transformant cells which are resistant to GS inhibitors, 

whereby transfonnant cells are selected in which the vector^erived GS-encoding sequence serves as 
a dominant selectable and co-amplifiable marker. 
1 3. A method for using a vedtor as a dominant selectable marker in a cotransformatton process which com- 
16 prises : 



(a) provkJing a vector capable, in a translbmiant host cell, of expressing a recombinant DNA sequence 
which encodes an active GS enzyme ; 
20 (b) providing a second vector capable, In a transfonnant host cell, of expressing a recombinant DNA sequ- 
ence which encodes ttie complete amino acid sequence of a desired protein ottier than 6S ; 

(c) providing a eukaryotic host which is a glutamine prototroph ; 

(d) transfonning saM host ceil witti both said first and second vectors ; and 

(e) selecting transfonnant cells which are resistant to GS Inhibitors, 

25 

whereby transfonnant cells are selected in which the vector-derived GS-encoding sequence serves as 
a dominant selectable co-amplifiable marker. 
14. A recombinant DNA vector comprising : 



30 

(a) a recombinant DNA sequence which encodes an active GS enzyme ; and 

(b) a recombinant DNA sequence which encodes the complete amino acid sequence of a desired proteki 
ottierthanGS, 

35 flie vector being capable, in a transfonnant host ceil, of expressing botti said recwnblnant DNA sequ- 

ences (a) and (b). 

1 5. A plasmW containing a GS minigene, said minigene convrtelng a cDNA fragment having the sequence 
of residues 1 to 753 of the cDNA sequence shown in Rgure 2 and a 3.4 kb EooRI — Ssti firagment of hamster 
genomic DNA which encodes mRNA corresponding tiie sequence of resWues 754 to 1421 of ttie cDNA sequ- 
40 ence shown in Figure 2, ttie 3' end of the cDNA fragment being fused directiy to ttie 5* end of the genomic frag- 

™"l6. A plasmW containing an SV40 late promoter fiised upstream of a GS minigene as defined in dalm 15 
such thai tiie SV40 late promoter Is capable of directing transcription of an mRNA encoding GS. 

45 

Patentaneprflche 

1. Verfahren zur Co-Amplifizlerung einer rekombinanten DNArSequenz, die fQr die komplette AminosSu- 
resequenz eines gewDnschten Proteins, das nksht eine Glutamin^rthetase (GS) ist, codlert, wetehes Verfah- 
so ranumfo&t: 

a) Bereiteteliung eines Vektors, der imstende ist, in einer transfonmanten Wblszelle sowohl elne rekombl- 
nante DNA-Sequenz, die fur ein akttves GS-Enzym codiert, als auch die rekombinante DNA-Sequenz, 

55 die fOr die komplette Aminosiuresequenz des gewflnschten Proteins, das kein OS ist, codlert, zu exprl- 

mieren, 

b) Bereiteteliung einer eukaryotischen Wflrtszeile, die ein Glutamln-Prototroph Ist, 

c) Transfbrmiening dieser Wirtszelle mit dem genannten Vektor und 
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d) Zuchlung der Wirtszelle unter Bedingungen, die Transformanten ermSgllchen, die eine vermehrte 
AnzaM von Koplen der zu selektlerenden, von dem Vektor abgelelteten, fflr GS codierenden, rekombl- 
nanten DNA-Sequenz enthalfen, wobei diese Transfbimanten auch eIne vermehrte Anzahl von ffopfen 
der fQr das gewQnscMa Protein codierenden DNA-Sequenz enthalten. 

5 

2. Verftihren zur Co-Amplifizlerung einer rekomblnanten DNArSequenz, die fur die komplette Aminosdu- 
resequenz einee gewOnschten Proteins, das keln GS 1st codlert, welches Verfahren umfaUt : 

iO 

a) Bereltstellung eines ersten Vektors, der Imsfande 1st, In einer transformanten Wirtszelte elne rekombi- 
nante DNA-Sequenz zu exprfmieren, die fQr ein aktiyes GS-Enzym codiert, 

b) Bereltstellung elnes zwelten Vektors, dm* bnstende Ist, In einer transfonnanten Wirtszelle die rekombl- 
nante DNArSequenz zu exprimleren, die fOr die komplette Aminosfiuresequenz dee gewQnschten Pro- 
fs teins, das keinGS 1st, codiert, 

c) Bereltstellung einer eukaryotischen Wirtszelle, die ein Glutamln-Prototroph ist, 

d) Transfomiatton dieser Wirtszelle sowohl mit dem ersten ais auch mit dem zweiten Vektor, 

e) ZQchtung dieser Wirtszelle unt^^ Bedingungen, die Transformanten erm5giichen, die elne vermehrte 
Anzahl von Koplen der zu selektierenden,von dem Vektor abgefeiteten, fOr GS codierenden, rekombi- 

20 nanten DNA-Sequenz enthalten, welche Transfonfnanten auch eine vennehrte Anzahl von Koplen der 

fQr das gewQnschte Protein codierenden DNA-Sequenz enthalten. 



3. Verfahren nach Anspmch 1 oder 2, bel welchem der ZOchtungsschrltt [(d) bzw. (e)] die ZQchtung der 
25 franfonnierten Wirtszelle in Medien, die einen GS-inhibitor enthalten, und die Selektierung von transformanten 

Zeilen, die gegenQber progessiv anstelgenden Gehalten dee 6S-lnhibitere reslstent sind, umte&L 

4. Verf^ren nach Anspruch 3. bel welchem der 6S-lnhibttor Phosphlnothricin oder MethfonlnsuHbximin 

ist 

5. Veri^hren nach Anspnidi 3oder4, bel welchem die Medien, die den GS-lnhibitor enthalten, auch l^ethlo- 
so nin enthalten und die Konzentratfonen des GS-lnhibitors in den Medien herabgesetzt werden kdnnen. 

6. Verfahren nach einem der AnsprOche 1 bis 5, bel welchem die fOr GS codlerende rekombinante DNA- 
Sequenz unter der Steuerung eines reguOerbaren Promotore steht 

7. Verfahren nach Anspruch 6, bei welchem der reguliertjare Promoter elne Hllzeschock-Promotor oder 
ein Metallothioneln-Promotor isL 

8. Verfahren nach Anspmch 6 oder 7, bei welchem derreguiiertmrePromotDrwahrendderZQchtungs- und 
Selektlonsstufen aulwSrtsregullert und nach der Selektion abwartmguliert Ist 

g. Verfahren nach einem der AnsprQche 1 bis 8, bel welchem das gewQnschte Protein ein Gewebe-Ras- 
minogen-Aktivator ist 

10. Vert^hren nach eInem der AnsprQche 1 bis 9, bel welchem die Wirtszelle elne Sflugetlerzelle ist 
40 11. Verfahren nach Anspruch 10. bei welchem die Wtrtszefle eine CHO-KI-Zelie ist 

1Z Verfahren zur Verwendung eines Vektore ale dominant seiektierbarer Marker In einem Co-Transfoma- 
tlonsveriiahren, welches umfofit : 



4S a) Bereltstellung eines Vektors, der imsfande ist in einer transfonmanten Wirtszelle elne rekombinante 
DNArSequenz, die fOr ein aktives GS-Enzym codiert, und eine rekombinante DNA-Sequenz, die fQr elne 
komplette Aminosfiuresequenz elnes gewQnschten Proteins, das keln GS 1st, codiert, zu exprimleren, 

b) Bereltstellung einer eukaryotischen Wrtszelie, die ein Glutamln-Prototroph ist, 

c) Transfomilening der Wirtszelle mit dem Vektor und 

so d) Selektion der transfomnanten Zellen, die gegenQber GS-lnhlbitoren reslstent sind, 

wobei transformante Zellen selekliert werden, in welchen die von dem Vektor abgeleitete GS-oodie- 
rende Sequenz als ein dominant selektierbaier und co-amplifizlerbarer Marker dient 
13. Verfahren zur Verwendung eines Vektore als dominant selektiertiarer Mark^" In einem Co-Transfor- 
00 matlonsverfiahren, welches umfaftt : 



a) BereitsteOung ^nes Vektors, der Imsfande ist In einer tansfbrmanten Wirtszelle eine rekombinante 
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DNA-Sequenz zu exprimteren, die fQr ein aktives GS-En^ codlert, 

b) Berelt^ellung eines zweiten Vektors, der bnstande ist, in einer Iransfonmanten Wirtszelle eine rekom- 
binante DNA-Sequenz zu exprimieren, die fQr ein gewOnschtes Pepfid, das tcein GS 1st, codiert, 

c) Bereitsteilung eines eulcaryotischen Wirts, der ein Glutamln*Protobx>ph ist, 

d) Transfonnienjng dieser Wirtszelle mit sowohl dem ersten ais auch dem zweiten Vektor und 

e) Seleldion der transfbnnanten Zeilen, die gegen GS-lnhibitoren resistent sind. 

wobei transfbrmante Zeilen seielctiert werden, in welclien die Vektor-abgeleitete GS-codierende 
Sequenz als ein doniinant eelelctierbarer co-amplifizierbarer Maiker dient 
14. Rekombinanter DNA-Vektor, der enthSit : 



a) eIne rekomblnante DNA-Sequenz, die fur ein aktives GS-En^ codlert, und 

b) eine rekomblnanta DNA-Sequenz, die fQr die komplette Andnosaurssequenz eines gewQnschten Pro- 
teins, das kein GS ist, codiert, 

wobei der Vektor Imstande 1st. in eIner transformanten Wirtszelle beWe genannten rekomblnanfen Dl^- 
Sequenzen a) und (b) zu exprimleren. 

15. Piasmid enthaltend ein GS-l\4lnigen, welches seinersells ein cDNA-Fragment nilt der Sequenz der 
Rests 1 bis 753 der in Rg. 2 gezelgten cDNA-Sequenz und ein 3, 4 kb EcoRISstl-Fragment von Hamsterge- 
nonvDNA, das fQr mRNA codlert, die der Sequenz der Reste 754 bis 1421 der in Fig. 2 gezelgten cDNA-Se- 
quenz entspriciit, umfalil. wobei das 3'-Ende des cDNA-Fragments direkt an das 5'-Ende des genonr^lschen 
Fragments ftjsloniert Ist 

16. Plasmki enthaltend einen spdten SV40-Promotor, der stromaufwarts eines GS-Mlnigens nach der 
Deflnltfon von Anspruch 15 fiislonlert ist, sodaU der spSta SV40-Promotor die Transkriptton elnerfOr GS codle- 
renden mRNAzu leiten imstande ist 



Revendieatlons 

1. Proc6d6 de co-amplifteatton d'une sequence d'ADN recombinant qui code pour la sequence complete 
d'amlnoHacldes d'une prot6ine d6sir6e autre qu'une giutamine synthetase (GS), lequel proc6d6 comprsnd : 

(a) rutiiisatton d'un vecteur capable, dans une cellule h6te transfomiante, d'exprimerd la fbis une sequence 
d'ADN recombinant qui code une enzyme GS active de la sequence d'ADN recombinant et qui code 
pour la sequence complete d'amino-ackies de la prot6ine ddsirde autre que la GS ; 

(b) rutnisatton d'une cellule hfita eucaryote qui est un prototmphe de ghJtamine ; 

(c) la transfbnnation de ladlte cellule hdte par ledit vecteur ; et 

(d) la culture de ladlte cellule hdte dans des conditions qui pennettent d des transfonmants contenant un 
nombre amplifi6 de copies de la sequence d'ADN recombinant d6riv6e du vecteur, codant pour ta GS 
d'dtre s6iectionn6s, lesquels tansfonmnts oontiennent ^gaiement un nombre ampiri^ de copies de la 
sequence d'ADN codant pour la prot§ine ddsirde. 



2. Proc6d6 de oo-ampllfksatton d'une sequence d'ADN reoomi^nant qui code pour la sequence compidte 
d'amino-ecMas d'une prot6lne ddsir6e autre qu'une GS, lequel proc6d6 comprend : 

(a) rutilisatton d'un premiervecteurcapabie.dansune cellule hdtetransfbnnante, d'exprimer une sequence 
d'ADN recombinant qui code pour une en^me 68 acthfe ; 

(b) rutilisatfon d'un second vecteur capable, dans une cellule hftte transfonmants, d'exprimer la sequence 
d'ADN recombinant qui code pour la sequence complete d'amino-addes de la protfilne d6sir§e autre 
que la GS ; 

(c) rutilisatton d'une cellule h6tB eucaryote qui est un prototrophe de giutamine ; 

(d) la transfonnatton de ladlte cellule hWe d la fbIs par ledit premier et ledit second vecteurs ; et 

(e) la culture de ladlte cellule hdte dans des conditions qui penmettent d des transformants contenant un 
nombre amplifid de copies de la sequence d'ADN recombinant d6riv6e des vecteurs, codant pour la GS 
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d'etre 861ectionn6s, lesquels transformants contiennent 6galement tin nombre ampliflA de copies de la 
sequence d'ADN codant pour la pfOt6ine d6sir6e. 

5 3. Proc6d6 selon la revendication 1 ou la revendlcation 2, dans lequet I'dtape de culture [(d) ou (e), res- 
pectivement] comprend la culture de la cellule hdte transformSe dans des mOieux contenant un inhlblteur de 
la 6S et la selection en ce qui conceme des cellules tfansformantes qui sont rdsistantes k des concentrations 
augment6es progresslvenient d llnhibiteur de la GS. 

4. Proc6d6 selon la revendication 3, dans lequel llnhibiteur de la GS est la phospliinothricine ou la sul- 
10 foximlne de la nf)6thlonine. 

5. Proc6d6 selon (a revendication 3 ou la revendicab'on 4, dans lequel les milieux contenant Tinhibfteur de 
la GS contiennent dgatement de la mdthionfne, ce grdce k quoi les concentrations de rinhlblteur de la GS dans 
les milieux peuvent 6tre nftduites. 

6. Proc6d6 selon I'une quelconque des revendlcations 1 d 5, dans lequel la sequence d'ADN recombinant 
15 codant pour la GS est sous iecontr6led'unpfomoteurr6glable. 

7. Pioc6d6 selon la revendication 6, dans lequel le promoteur r6glable est un promoteur de type choc ther- 
mique ou un promoteur de ^pe m6tallothion6lne. 

8. Proc6d6 selon la revendication 6 ou la revendication 7. dans lequel le promoteur r6glabliB est r6gl6 vers 
le haut pendant les 6tapes de culture et de selection et est r6gl6 vers le bas apr&s la selection. 

20 9. Proc6d6 selon Tune quelconque des revendlcations 1^8, dans lequel la prot6lne d6slr6e est I'activateur 
tissulaire du piasminogdne. 

10. Proc6d6 selon Tune quelconque des revendlcations 1^9, dans lequel la cellule hdto est une cellule 
de mammifi§re« 

11. Proc6d6 selon la revendication 10, dans lequel la cellule h6te est une cellule de CHO-K1. 

25 1Z Proc6d6 d'utSisation d'un vecteur comme marqueur s^lectionnable dominant dans un processus de 
co-transformation qui coniprend : 



(a) I'utDisation d'un vecteur capable, dans une cellule h6te transfonnante, d'exprimer une sequence d'ADN 
30 recombinant qui code pour une en^me GS active et une sequence d'ADN recombinant qui code pour 

la sequence complete d'amlno-addes d'une protdine ddslrto autre que la GS ; 

(b) I'utilisation d'une ceDule h6te eucaiyote qui est un prototrophe de glutamine ; 

(c) la transfonmation de la cellule hdte par le vecteur ; et 

(d) la selection de caHules transfonmantes qui sont rdsistantes k des inhlbiteure de la GS, 

35 

ce grdce k quoi sont s^iectionndes des cellules trensfonnantes dans lesqueBes la sequence d6riv6e 
du vecteur, codant pour la GS sert de marqueur sdlectionnable dmninant et co-amplifiable. 

13. Proc6d6 d'utilisation d'un vecteur comme marqueur sdlectionnable dominant dans un processus de 
co-transfomraition qui oomprend : 

40 

(a) rutilisation d'un vecteur capable, dans une cellule hOte transfonrante, d'exprimer une sequence d'ADN 
recombinant qui code pour une enz^e GS active ; 

(b) rutilisation d'un second vecteur* dans une cellule hdte transformante, d'exprimer une sequence d'ADN 
45 recombinant qui code pour la sequence complete d'amlno^cldes d'une prot61ne d68ir6e autre que la 

GS; 

(c) rutilisation d'une cellule hfite eucaryota qui est un prototrophe de glutamine ; 

(d) la transfomfiation de ladita cellule hOte par d la fois lesdits premier et second vecteura ; et 

(e) la 861ection de celluies fransfomfiantes qui sont idsistantes ft des inhlbiteure de la GS, 

50 

ce grdce ft quoi sont s61ectionn6e8 des cellules transfomiantes dans lesquelles la sftquence d6riv6e 
des vecteura, codant pour la GS sert de marqueur sftlecOonnable dominant, co-amplifiable. 

14. Vecteur ADN recombinant oomprenant : 

55 

(a) une sequence d'ADN recombinant qui code pour une enzyme GS active ; et 

(b) une eftquenoe d'ADN recomtrinant qui code pour la sequence oomplftte d'amlno-adctoe d'une protftine 
dftsirte autre que la GS, 
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le vecteur 6tant capable, dans une cellule h6te fransformante, d'exprimer Tune et rautre desdites 
sequences (a) et (b) d'ADN recombinant 

15. Rasmide contenant un minig^ne de 6S, ledit minlgdne comprenant un fragment d'ADNc ayant la 
s6quence dee rteldus 1 & 753 de la sequence d'ADNc reprteentfte k la figure 2 et un firagment EcoRI-SstI de 
3, 4 kb de I'ADN g6nom!que du hamster qui code pour PARNm correspondant d la sequence des r6sidus 754 
ft 1421 de la sequence d'ADNc reprdsentde d la figure 2. rextr6mit6 3' du fragment d'ADNc 6tant fusionnde 
directement d rextr6mit6 5' du firagment gdnomique. 

16. Plasmlde contenantun promoteur tardlf de SV40fu8ionn6 en amontd'unmlnigdnede 6S tal que d6finl 
k la revendication 1 5, de telle sorte que le promoteur tardlf de 8V40 soit capable de dMger la transcription d'un 
ARNm codant pour la GS. 
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